The quantification of meat proportions in raw and boiled sausage according to the recipe was evaluated using three different calibrators. To measure the DNA contents from beef, pork, sheep (mutton), and horse, a tetraplex real-time PCR method was applied. Nineteen laboratories \ analyzed four meat products each made of different proportions of beef, pork, sheep, and horse meat. Three kinds of calibrators were used: raw and boiled sausages of known proportions ranging from 1 to 55% of meat, and a dilution series of DNA from muscle tissue. In general, results generated using calibration sausages were more accurate than those resulting from the use of DNA from muscle tissue, and exhibited smaller measurement uncertainties. Although differences between uses of raw and boiled calibration sausages were small, the most precise and accurate results were obtained by calibration with fine-textured boiled reference sausages.
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eat products like sausages containing ground meat (e.g., hamburger, cevapcici, salami, landjäger = gendarme, mortadella) composed of a combination of pork and beef, sheep, and horse are widely consumed in Europe. With increasing international trade, the determination of meat proportions in these products is an increasing issue for food control laboratories (1). Fraud often involves-sausages with incorrectly or undeclared meat combinations, often depending on actual market prices. Pork-free ("halal") products may be contaminated by trace amounts of pork or by higher amounts to improve the profit or taste. In order to prosecute producers for fraud or bad production practices, analytical methods must be able to accurately quantify all expected meat components for a wide range of complex matrixes.
The accurate measurement of meat proportions of samples is a fundamental problem of DNA-based methods like PCR. PCRbased methods are only able to quantify DNA contents (2-15). But meat proportions according to the recipe have to be assessed. Additionally, the accuracy of DNA-based methods may be impaired when analyzing samples with a variety of tissue types like fatty bacon, fatless meat, or connective tissue. As different tissue types exhibit different concentrations of DNA, the proportional weight of meat in sausages may not correspond to the proportions of species-specific DNA proportions, leading to biased results. Even worse, the exact composition of unknown samples will never be known. Therefore, all expectations and speculations about DNA concentrations of different tissues, influence of production technologies, and loss of DNA during ripening and storage, illustrate the problems, but these considerations will not lead to solutions. Only an experimental approach can evaluate the ability to quantify meat proportions of unknown samples. In an earlier study (14) , it was shown that meat proportions can be determined with sufficient accuracy and precision by applying real-time PCR in conjunction with matrix adapted standards These standards must be composed and produced similarly to the unknown samples. In this study, the impact of sausage sample composition and types of calibration material for the determination of meat proportions for two additional species (mutton and horse) was assessed.
Experimental

Reference Sausages as Calibrators
To elucidate the difference between mature and boiled meat products, sets of boiled and raw matured reference sausages were produced from the same starting material (Tables 1 and 2) . The recipes applied were not traditional, but close to a recipe for Sukuk (type boiled). The reference sausages (10 kg each) were produced by Micarna (Bazenheid, Switzerland). These sausages were examined for their content of water, fat, total protein, connective tissue protein, and muscle protein. The meat for the reference sausage type Landjäger (LJ) was taken after a short cutting process, and therefore exhibited a rougher texture (Table 1) . For the boiled reference sausages (BW), the same meat was kept longer in the cutter, delivering a fine and more homogenous texture (Table 2) .
In addition, four sample sausages were produced. Sample sausages cevapcici and LJ were also produced by Micarna. The sample sausage salami was produced by ABZ (Spiez, Switzerland) according to a traditional recipe, and the sample
